Shenzhen Universiade Center is located in Longgang District, Shenzhen city, Guangdong province. There are various size karst cave and soil cave on site and their buried depth are from 2m to 50m. With the application of GIS technology and statistical techniques, three assessment models were established to karst spatial distribution of Shenzhen Universiade Center. Model I was the Logistic model based on geophysical information with dependent variables as anomalous areas revealed by geophysical prospecting. Model II was the Logistic model based on drilling information with dependent variables as karst caves and soil caves revealed by drilling. The independent variables of both models were the geological factors affecting karst susceptibility, including lithology, groundwater depth and the distance away from tectonic lines. Model III was the Bayesian model with integrated information of Model I and Model II. The correct probability of the model I is 58.17% when karst occurs; when does not occur karst, the correct probability is 86.75%. The fitness rate is 90.75%. The correct probability of the model II is 60.34% when karst occurs; when does not occur karst, the correct probability is 79.13%. The fitness rate is 88.38%. The result shows that Bayesian model can establish integrated assessment model including multisource data to a certain extent, which can be employed in karst susceptibility assessment. The results of Logistic model and Bayesian model can be used as evidence for karst ground collapse vulnerability in the site
Issue proposition
The formation and development of karst is a complex and unique geological phenomenon. It is a complex task to identify the geological environment of karst formation, its spatial distribution and development rules. Engineering geological mapping, geophysical prospecting and drilling are the three methods commonly used in karst exploration. Engineering geological mapping in the workaround and adjacent area was first conducted in the karst research. Based on preliminary data analysis on engineering geological survey and mapping, geophysical prospecting was used to identify the development situation and overburden thickness of deep karst in the study area. Drilling was carried out in the karst development positions revealed by geophysical information or locations of important 2011 3rd International Conference on Environmental Science and Information Application Technology (ESIAT 2011) projects. The data of different format, different precision and different reliability are acquired through the three exploration method. One of important issues in karst research is how to apply the research data and results for establishing a comprehensive assessment model and evaluating the hazard of karst susceptibility in the study area.
Shenzhen Universiade Center is located in Longgang District of Shenzhen with the most complicated geological conditions and the most developed karst area. Due to various scales of site collapse, if the sum of the additional stress on cavern roof imposed by engineering construction and the self-weight stress of overburden in upper cavern exceeds the carrying capacity of cavern roof, collapse will occur to cavern roof, leading to tilt or damage of the upper building directly. According to the situation of site, it is required to study the karst distribution law in the site, so as to ensure engineering safety and normal use of facilities, providing a basis for the hazard prediction of karst ground collapse.
Brief introduction on assessment method of karst susceptibility
Different methods can be applied to assess or predict karst susceptibility and karst ground collapse vulnerability. The approach is using spatial distribution rule of the existing karst cave or soil cave and a group of influence factors. In China, the common prediction methods for karst collapse are divided into two types. One kind is point prediction based on assessment stability of unconsolidated sediment overlaying karst cavity. These models are found on soil strength theory. The other kind is region prediction whose primary goal is evaluation relative possibility of kasrt ground collapse in different region. These models are found on theory of statistics, operation research, and systematology and so on, which mainly contain regression method, clustering method, fuzzy mathematics method, analytic hierarchy process, neural network method, grey system theory and so on.
Statistical or probabilistic assessment method is one of regression methods. The first statistical works applied bivariate analyses to quantify the spatial relationships between sinkholes and particular conditioning factors [1] [2] [3] . Some authors have developed more refined susceptibility models using probabilistic methods [4] [5] [6] .
Brief introduction on site geological conditions
All authors must sign the Transfer of Copyright agreement before the article can be published. This transfer agreement enables Elsevier to protect the copyrighted material for the authors, but does not relinquish the authors' proprietary rights. The copyright transfer covers the exclusive rights to reproduce and distribute the article, including reprints, photographic reproductions, microfilm or any other reproductions of similar nature and translations. Authors are responsible for obtaining from the copyright holder permission to reproduce any figures for which copyright exists.
Research method

4.1.ization flow
. The detailed realization flow is shown as below. The results of engineering geological mapping, engineering geophysical prospecting and engineering drilling of the site were first digitalized, and karst assessment background databases were established, such as location database and influencing factor database of karst susceptibility. The study area was divided into grids with certain sizes, and basic information of grids was extracted in support of karst assessment background database.
According to grid attribute database, the Logistic regression model based on geophysical information was established with dependent variables as geophysical interpretation results. Taking each borehole as a sample, the Logistic regression model based on drilling information was established with dependent variables as karst cave susceptibility revealed by drilling. The independent variables of both models were the factors affecting karst susceptibility, including rock type, groundwater depth and the distance away from tectonic lines. Taking the probability generated by Model I as prior information for Bayesian statistical inference, the information of Model II was used to modify these probabilities for the establishment of Bayesian integrated model [7] [8] .
MAPGIS software and secondary susceptibility library were selected and used as the base and susceptibility platform in this study, and Visual C ++ was used as susceptibility environment. The site area was divided into 6,843 grid cells by the size of 10 m × 10 m.
4.2.lishment of Logistic model based on geophysical information.
In the model based on geophysical information, the dependent variables are the interpretation results by high-density electrical method and geological radar method. If the interpretation result is in the anomalous area, Y of the grid will be assigned as 1, otherwise, Y will be 0. The independent variable X1 is the lithology type of the grid, X2 is the groundwater depth, and X3 is the distance from the grid to the nearest fault. The influencing factors and classification are shown in Table 1 , and the calculation results in Table 2 . (1)
4.3.blishment of Logistic model based on drilling information.
In the model based on drilling information, the dependent variables are the situations revealed by drilling. If the soil (solution) caves exist in the borehole, Y will be assigned as 1, otherwise, Y will be 0. The influencing factors and classification are shown in Table 3 , and the calculation results in Table  4  Table 3 
4.4.blishment of Bayesian Integrated model.
By using Bayesian statistical inference techniques, the Bayesian Integrated model was established with integration between the Logistic model based on geophysical information and that based on drilling information. For assessment karst susceptibility, model I produces prior probability, model II as other information source, modify priori probability. The mathematical formula for this step is shown as follows: (3) PB is the probability of Bayesian integrated model, PL1 is the probability of Logistic model based on geophysical information, PL2 is the probability of Logistic model based on drilling information.
Results
5.1.lts of Logistic model based on geophysical information.
Through the substitution of original site data into Equation (1), PL1 value of each grid cell can be obtained. The distribution of site PL1 is shown in Figure 1 . According to PL1 value, the probability mean and standard deviation of karst sample and non-karst sample can be calculated. According to the equation of the Two-dimensional Discriminate Theory, the Logistic model based on geophysical information criterion is: when YL10=0.114, if the cell probability PL1 > YL10, it shows karst occurrence; otherwise non-occurrence. The correct probability is 58.17% when karst occurs; when does not occur karst, the correct probability is 86.75%. The fitness rate is 90.75%. 
5.2.lts of Logistic model based on drilling information.
Through the substitution of original site data into Equation (1), PL1 value of each grid cell can be obtained. The distribution of site PL1 is shown in Figure 2 . According to PL2 value, the probability mean and standard deviation of karst sample and non-karst sample can be calculated. According to the equation of the Two-dimensional Discriminate Theory, the Logistic model based on drilling information criterion is: when YL20=0.147, if the cell probability PL2 > YL20, it shows karst occurrence; otherwise non-occurrence. The correct probability is 60.34% when karst occurs; when does not occur karst, the correct probability is 79.13%. The fitness rate is 88.38%.
Fig. 2 Distribution map of site PL2
5.3.lts of Bayesian integrated model.
With PL1 and PL2 value of grid cell substituted into Equation (3), PB value of each grid can be calculated. The distribution of site PB is shown in Figure 3 . 
Conclusions
In the regression coefficient results of Logistic model based on geophysical information and that based on drilling information, it was proven that the high-hazard karst susceptibility areas were located in the limestone areas with groundwater depth 2 m, and the distance from tectonic line 50 meters, being consistent with the results of field geological survey.
It was revealed in the evaluation of Logistic model based on drilling information that the highhazard karst susceptibility areas were mainly concentrated in the following areas: surrounding area of main stadium; the south of gymnasium; southwest corner of natatorium. Great emphasis should be laid on the high-hazard karst susceptibility areas in the west of gymnasium and the east of stadium with sparse drilling locations and model prediction in the construction.
Generally, the borehole position is designed on geophysical prospecting anomalous area and important construction area, in which case, the high-risk zone, without controllable boreholes, evaluated by Bayesian integrated model is the key point of the follow-up work.
The main difference of Bayesian statistic and classical statistics is whether applying priori information or not. Bayesian branch has taken great consideration into the information collection and processing, and then treated information has applied quantitative analysis to the statistic and inference for improving the quality of statistics and inferences. Missing employing priori information is sometimes a waste. And sometimes leads to illogical conclusion. Because of the certainty of geophysical prospecting interpretation and the limitation of the position of borehole, Bayesian integrated model which takes geophysical prospecting results as a prior information, borehole results as sample information and modify the prior information, to some extent, has solved the problems of multi-source data fusion and the establishment integrated assessment model in the process of karst susceptibility assessment. It also provides basis to the ground collapse assessment.
